This article defines telemedicine, discusses evidence of its effectiveness, looks at its advantages and disadvantages (and barriers to implementation), and considers its role in the NHS for the millennium and beyond. The world has entered the 'information age'. This has been described as being as significant as the industrial revolution. This revolution, led by the computer and telecommunications industry, will have a profound effect on the way medicine is practised and healthcare is delivered. One area in which this will be particularly apparent is the field of telemedicine.
The world has entered the 'information age'. This has been described as being as significant as the industrial revolution. This revolution, led by the computer and telecommunications industry, will have a profound effect on the way medicine is practised and healthcare is delivered. One area in which this will be particularly apparent is the field of telemedicine.
As we enter the next millennium, all health professionals working in community, primary, secondary and tertiary care will be exposed to the possibilities offered by telemedicine. Politicians, chairmen, chief executives and managers of both trusts and health authorities are beginning to explore its potential in a burgeoning and complex health service.' Enthusiasts claim that telemedicine will do for healthcare what the personal computer has done for the office. Opponents claim that it represents a threat to the doctor-patient relationship and is an intrinsically unsafe way of practising medicine.
What is telemedicine?
Telemedicine is not a new concept. As early as 1897, the telephone was used to help diagnose croup in a child.2 Almost 50 years ago, X-ray transmission along a telephone line was described. 3 However, attempts to establish telemedicine services in the late 1960s and 1970s all failed, principally because of the cost of technology, poor image quality, the structure of care services and staff training issues.
Box 1 describes telemedicine in the 1990s. It offers a new way of exchanging health-related information and knowledge in digital form. This can be used to transmit anything from verbal advice, X-rays, pathology slides, electrocardiograms, medical records, or coded commands to a surgical robot.
The role of telemedicine has been acknowledged in the recent Department of Health white paper that states that the NHS will harness the enormous benefits of information technology to support quality and efficiency by "developing telemedicine to ensure specialist skills are available to all parts of the country'
Modalities of telemedicine
Telemedicine can employ a number of modalities (table 1). In its broadest sense, as well as videoconferencing and digital image transmission, telemedicine also includes the telephone and its modern accessories: voice mail, e-mail, fax and paging services. Two categories of application can be distinguished, real-time systems and store-and-forward systems.
REAL-TIME SYSTEMS
Real time systems involve two or more parties (eg, general practitioner, patient and hospital specialist) in a live consultation using videoconferencing techniques. The system allows direct consultation and provides an immediate opinion and a recommendation for management. However, the patient, referring doctor and specialist must be available at the same time. There has been a great variety in the extent to which practitioners of telemedicine have perceived a need to test the safety of the technology they use. In an article describing the use of a telemedicine system to perform 138 dermatological consultations, it was noted that 'relatively little has been done to assess the diagnostic accuracy of telemedicine' and that 'diagnostic accuracy was not formally assessed in this evaluation'.9 The area attracting most attention is radiology, perhaps because it already has a tradition of the rigorous assessment of imaging technology.
Teleradiology
The particular question that has been addressed most frequently is whether digital images of radiographs contain as much information as conventional film. These tests appear to suggest that even very high resolution displays compare unfavourably to conventional film for some classes of abnormality."'>" However, other studies looking at the disagreement between diagnoses made using telemedicine and those made conventionally, show that in real life situations, this has very little impact on diagnosis and the effect may even be negligible given normal inter-observer variation.'3 1 ' It is difficult in these circumstances to establish an acceptable minimum standard for the specification of digital image display devices, and even more so given that technology is continually improving. There have been only a few assessments of teledermatology'6-8 and the results are difficult to interpret, often due to the small numbers of observations. Studies are still required to establish the minimum acceptable specification for cameras and display devices.
Other teleconsultations There has been relatively little work on the diagnostic accuracy of consultations carried out across video-linksF"" and further investigation of the validity of teleconsultations seems desirable.
HEALTHCARE SERVICES
The assessments described in the previous section aim to prove that using telemedicine does not impair a clinician's performance. Such a demonstration does not in itself provide a reason for adopting the technology and requires further evidence that telemedicine leads to some worthwhile benefit. However, introducing a telemedicine service is a complex intervention and one that is difficult to assess. Telemedicine can be used to provide new kinds of service, the introduction of which represents a change to the structure of healthcare delivery and alters the process by which patients are cared for. There is, currently, very little work on the impact of telemedicine on the structure and process of care. It would be interesting to know more about the effect introducing telemedicine has Telemedicine and the new NHS Over recent years, a number of pressures have combined to require the reappraisal of the traditional model of care provision across the community, primary, secondary and tertiary care sectors. This had led to an increase in interest in telemedicine applications. These are summarised in box 5.
New approaches to healthcare delivery are needed if the NHS is to continue providing a free, quality service. The concept of a more community-based NHS suggests that more of a patient's care will be managed outside hospital and in the community setting. The white paper' suggests that primary care teams should be better equipped and able to take on an increased role for a wider range of conditions in both acute and chronic care. This will require increased professional training and improvements in primary care and community-based accommodation. To support this, easy access to expert opinion from specialists will be necessary and telemedicine could be one way of offering this link.
If such a service were to be carefully developed and implemented, it could reduce the need for patients to attend out-patient clinics or be admitted to an acute hospital, yet still provide quality healthcare based upon the latest evidence and guidelines. Telemedicine could also offer improved communication and patient management between secondary and tertiary care providers. In oncology, for example, the service is being restructured into cancer units and Pressures on the NHS leading to increased interest in telemedicine * the increase in the cost of healthcare and the need to contain this * the aging population, increasing levels of morbidity and supposedly improved treatments * government's strategy of decentralising healthcare delivery, ie, equality of access to specialist services outside the confines of the hospital environment * emphasis on evidence-based medicine * recognition of variations in practice methods and clinical outcomes across the country * falling price of hardware/software and increasing availability of digital networks (ISDN) * increased public interest and understanding of healthcare As the benefits of implementing a telemedicine service become apparent, the geographical barriers of the natural community will fade, perhaps because of dissatisfaction with the local service or the increased speed of referral to distant centres.
Telemedicine will become an integral part of the overall information technology strategy developed for the NHS, so that one piece of hardware can offer telemedicine, electronic patient records, clinical decision support, patient information and administrative functions, ie, a networked integrated clinical workstation.
As clinical management and care is increasingly transferred from hospital to the primary care setting, the clinical workstation will be used for seeking remote expert opinions. Community diagnostic centres, nurse-run clinics and home care monitoring services will become more popular and will replace a significant amount of activity that once took place in hospital.
Assessing where telemedicine can help NHS local services For the above scenario to become reality, it is important to have a thorough understanding of how services are presently provided, the route a patient takes from initial contact to final outcome, and the improvements that would be gained if a telemedicine system were available. For example, the criteria for judging if an application of telemedicine in dermatology is appropriate will be different from those for judging the monitoring of patients with heart disease in the community. Table 2 demonstrates how this approach can help understand the role of telemedicine in transferring foetal ultrasound images from remote areas to a tertiary referral centre. When considering whole specialties or healthcare areas, issues such as manpower, case-mix, volume flows, cost and the type of telemedicine service must be taken into account. An analysis reviewing how this new approach Table 2 Potential role of a telemedicine service in neonatal care Question Comment What is the system to achieve? Improving access to expert advice Detecting problems early Reducing the need for widespread specialist foetal medicine service What currently happens without the system?
Ultrasound is undertaken at local site Suspicious cases are dealt with by post or patient referral to a tertiary centre "x" tertiary centres are available If the system were in place, how often would it be used?
Most pregnancies are routine "y"% need expert opinion (derivable from public health records)
"z"% have no ready access to expert opinion (derivable from demographic/ geographic sources)
For each person (patient/health professional) using the system, what are the Reduced probability of adverse pregnancy outcome (estimable) benefits?
Reduced travel costs (estimable) Reassurance (difficult to quantify) What are the longer term consequences?
Restructuring of tertiary referral system Changing role of specialist consultation
Adapted from: Telemedicine -evaluation or stagnation. M O'Rourke, S Gallivan. Clinical Operational Research Unit, University College London, London WClE 6BT
group.bmj.com on July 6, 2017 -Published by http://pmj.bmj.com/ Downloaded from to healthcare delivery would affect different players (eg, clinicians, general practitioners, other health professionals, the trust, the health authority and the patient) will highlight the benefits and opportunities, as well as the disadvantages and threats. Once these questions have been answered, then health professionals will have a much clearer idea about how such a service could be delivered in their particular setting.
Barriers to implementing a telemedicine service
TECHNOLOGY MATCHING HEALTH NEEDS
The medical profession has often been criticised for allowing new technologies and fancy gadgets to drive changes in patient care. Lock highlighted the low priority accorded to the evaluation of computer projects in NHS hospitals42 and the British Medical J7ournal recently bemoaned the poor quality of published information about information technology. 43 Although using the right technology is important; improvement in healthcare process and patient outcomes are key. The computer and telecommunications technology required to implement a successful, quality telemedicine service is available today. As telemedicine is another kind of medical technology, the same principles of rigorous evaluation of costs and benefits should apply. 8 44 Finally, telemedicine software will need to be compatible with a wide range of NHS systems, which themselves are a legacy of a lack of standards and system of accreditation.
PROFESSIONAL RESISTANCE
The greatest barrier may come from health professionals themselves, in particular the medical profession. PATIENT RESISTANCE Some patients may dislike the apparent impersonal nature of telemedicine. However, evidence suggests that patients are often in favour of and satisfied with the care offered using telemedicine. 33 38 46 As with all new initiatives involving change, both health professionals and patients will be less resistant to the concept of a telemedicine service if it can be demonstrated how the technology can improve the quality of care and meet clinical needs.
NHS MANAGEMENT
As well as the medical profession, chairmen, chief executives, directors and managers of trusts, health authorities/boards and politicians will need to understand the advantages and implications of telemedicine as a new component to healthcare delivery. Although management in the NHS is often reactive and dominated by the need to 'balance the books', this group will need to develop forward-looking strategies for telemedicine. Managers must consider how a telemedicine service will fit into the new NHS environment set out in the white paper.' The resultant charging mechanism, risk management and staff contracts will need to be discussed. The development of standards and use of guidelines will also need to be addressed.
MEDICO-LEGAL IMPLICATIONS
The medico-legal implications of telemedicine have not yet been tested in the courts, services remain unclear and need careful consideration. Since there is no body of legal judgement upon which to determine precedent, current advice is based upon conjecture. 4" It seems unlikely that telemedicine raises any new issues of principle distinct from the use of the telephone, fax, mail, or e-mail for consulting. However, potential consequences of loss of data from compression techniques, incomplete transmission, technical failure and resolution of the monitoring equipment will need to be addressed from a medico-legal standpoint.
A comprehensive review has been undertaken,48 which addresses confidentiality, data protection, security, telemedicine malpractice, standards adopted by the General Medical Council and Royal Colleges, and intellectual property rights and competition law. CONFIDENTIAIT To answer this, they will need to understand the principles of telemedicine outlined in this review. When we adopt this new form of healthcare delivery, it should not be superimposed on the NHS as an additional burden. Instead, it must be fully integrated into existing services, to help the NHS meet the challenges of changing demographics, improved clinical practice, evidencebased medicine, increasing cost and patient's expectations.
With an increasing amount of commercial activity in the field of telemedicine, it is important that stakeholders from both private and public sectors work together to develop and implement services that meet the needs of both patients and health professionals. The establishment of a "Virtual National Institute of Health Informatics" under the aegis of the Department of Trade and Industry's Foresight Technology initiative could provide a platform for this.
The following recommendations could assist this process: * to establish a national working party to advise the NHS about the role of telemedicine * to provide doctors with information and guidance about the role of telemedicine at the community, primary, secondary and tertiary care level * to support R&D funding for randomised trials to answer questions about the costs of telemedicine and its impact on clinical decisions, actions, patient outcomes and resultant cost-benefit * literature about telemedicine should focus on lessons learnt (both positive and negative) in order to guide others about the practical implications in clinical practice * telemedicine should be driven by the health needs of patients and health professionals and not the possibilities of the technology.
Conclusion
Telecommunications and the practice of medicine have both changed dramatically over the last hundred years. As we approach the 21st century, the development of information technology has created an opportunity to improve both the quality and delivery of healthcare in the UK. Everyone involved with health should consider the role of telemedicine in their organisation, not tomorrow but today.
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